The present investigations sought to determine whether the ventral tegmental area (VTA), basolateral amygdala (BLA), and nucleus accumbens shell (NAC) comprise a circuitry that mediates heroin-induced conditioned immunomodulation. Rats were given conditioning trials in which they received an injection of heroin upon placement into a distinctive environment. Prior to testing, rats received unilateral intra-BLA microinfusion of a D 1 antagonist concomitantly with unilateral intra-NAC shell microinfusion of an NMDA antagonist. Disconnection of the VTA-BLA-NAC circuit impaired the ability of the heroin-paired environment to suppress lipopolysaccharide-induced immune responses, defining for the first time a specific neural circuit involved in conditioned neural-immune interactions.
Introduction
Opioid treatment in rats suppresses a number of in vivo immune responses, including the production of nitric oxide, a key component of host defense against bacterial infection (e.g., Lysle et al., 1993; Fecho et al., 1996a,b; Lysle and How, 2000; Nelson et al., 2000) . In addition, opioid drugs also suppress in vivo expression of proinflammatory cytokines (Chao et al., 1993; Benscsics et al., 1997; Pacifici et al., 2000; Clark et al., 2007) . Proinflammatory cytokines, such as IL-6 and TNF-α, play critical roles in the body's defense against infectious challenge, while also serving to regulate the immune response to these challenges. There is now substantial evidence that these effects of opioid drugs on the immune system are generated via actions within the CNS. For example, intraventricularly administered N-methylnaltrexone (an opioid antagonist that does not readily cross the blood-brain barrier) dose-dependently antagonizes the immunomodulatory effects of systemic morphine administration, whereas peripheral administration of N-methylnaltrexone is ineffective in blocking morphine's effects (Fecho et al., 1996a; Lysle et al., 1996) . Furthermore, microinjection of morphine into the periacqueductal gray results in suppression of NK cell cytotoxicity which can be blocked by peripheral administration of naltrexone, an opioid antagonist (Weber and Pert, 1989) . Remarkably, the suppressive effects of opioids on the immune system can be conditioned to environmental stimuli paired with drug administration (Lysle and Ijames, 2002) such that the previously heroin-paired environment alone elicits heroin-like changes in immune functioning. Conditioned immune alterations brought about by exposure to drug cues may manifest as an increased susceptibility to opportunistic infections and a decreased ability to combat infectious diseases in recovering drug users. A clear understanding of the neurotransmitters and neural circuitry involved in heroin-conditioned immunomodulation is necessary for the development of pharmacotherapeutic interventions that might be employed in susceptible populations before infections lead to irreversible organ damage and other detrimental health consequences.
Recent studies in our laboratory and others have identified key brain structures involved in the mediation of conditioned immunomodulation. For example, several brain structures are critically involved in the expression and acquisition of immune alterations in a conditioned taste aversion model. These include the insular cortex, amygdala and the ventromedial nucleus of the hypothalamus (Ramirez-Amaya et al., 1996 , 1998 Ramirez-Amaya and Bermudez-Rattoni, 1999; Chen et al., 2004; Pacheco-Lopez et al., 2005) . Our own laboratory recently demonstrated that dopamine neurotransmission in the basolateral amygdala (BLA) and nucleus accumbens shell (NAC) is necessary for heroin-conditioned and morphine-conditioned immunomodulation, respectively (Szczytkowski and Lysle, 2008; Saurer et al., 2009 ). Specifically, D 1 dopaminergic receptor antagonism in these structures inhibits conditioned decreases in the production of proinflammatory mediators in peripheral immune tissues (Szczytkowski and Lysle, 2010) . This implies that the ventral tegmental area (VTA), the primary source of dopamine to the BLA in the rat (Ford et al., 2006) , is an element of the neural circuitry mediating heroin-conditioned immune regulation. In addition to dopamine, glutamate input to the NAC is important Journal of Neuroimmunology 237 (2011) 47-56 
